
Submitted To: 
CITY OF MORENO VALLEY 

PRELIMINARY DRAINAGE REPORT 

Prepared For: 

To Support: 
Flamingo Bay Project 

PEN22-029 
LST22-0012 

6/23/2022 
10/12/2022 

Job No. 10.101 

EMPIRE CONSTRUCTION MANAGEMENT 
2280 Wardlow Circle , Suite 250 
Corona, Ca. 92880 

Prepared By: 

PROACTIVE 
ENGINEERING CONSULTANTS 

a different kind of company 

200 SOUTH MAIN STREET, SUITE 300 
CORONA, CA 92882 

Thomas E Braun 

10/12/2022 

Date 



TABLE OF CONTENTS

I. INTRODUCTION………………………………………………………………………… 1
A. PURPOSE OF DRAINAGE STUDY………………….………………………………. 1
B. PROJECT OBJECTIVES……...………………………………………………………. 1
C. PROJECT DESCRIPTION……..……………………………………………………... 1
II. HYDROLOGY……………………………………………………….………………….. 2
A. GENERAL GUIDELINES………………………………..…………………………….. 2
B. RATIONAL METHOD HYDROLOGY CALCULATION…………………………….. 2
C. SYNTHETIC UNIT HYDROGRAPH METHOD CALCULATION………….………. 3
D. HYDROGRAPH ROUTING METHOD CALCULATION……………………………. 3
E. FLOOD ASSESMENT………..………………………………………………………. 4
III. SUMMARY OF RESULTS …………………………………………………………… 4

APPENDICES

APPENDIX A LOCATION MAP
SOILS MAP
RAINFALL MAPS
FIRM MAP

APPENDIX B HYDROLOGY MAPS
    EXISTING CONDITION MAP
    DEVELOPED CONDITION MAP

APPENDIX C RATIONAL METHOD CALCULATIONS
    EXISTING CONDITION MAP
        100-YR
    DEVELOPED CONDITION MAP
        100-YR

APPENDIX D UNIT HYDROGRAPH CALCULATIONS
    EXISTING CONDITION
        2-YR -1HR
        2-YR -3HR
        2-YR -6HR
        2-YR -24HR
        5-YR -1HR
        5-YR -3HR
        5-YR -6HR
        5-YR -24HR
        10-YR -1HR
        10-YR -3HR
        10-YR -6HR
        10-YR -24HR



        100-YR -1HR
        100-YR -3HR
        100-YR -6HR
        100-YR -24HR

    DEVELOPED CONDITION
        2-YR -1HR
        2-YR -3HR
        2-YR -6HR
        2-YR -24HR
        5-YR -1HR
        5-YR -3HR
        5-YR -6HR
        5-YR -24HR
        10-YR -1HR
        10-YR -3HR
        10-YR -6HR
        10-YR -24HR
        100-YR -1HR
        100-YR -3HR
        100-YR -6HR
        100-YR -24HR

APPENDIX E FLOOD ROUTING CALCULATIONS
    DEVELOPED CONDITION
        2-YR -1HR
        2-YR -3HR
        2-YR -6HR
        2-YR -24HR
        5-YR -1HR
        5-YR -3HR
        5-YR -6HR
        5-YR -24HR
        10-YR -1HR
        10-YR -3HR
        10-YR -6HR
        10-YR -24HR
        100-YR -1HR
        100-YR -3HR
        100-YR -6HR
        100-YR -24HR



                                                                                                                  1 of 4

I. INTRODUCTION
A. PURPOSE OF PRELIMINARY DRAINAGE STUDY

The proposed storm drain improvements are located in the City of Moreno Valley, California. See
Location Map – Figure 1 in Appendix A. The Flamingo Bay Project will consist of multi-family
residential housing.  The purpose of this report is to compute the developed condition hydrology for
sizing in-tract drainage system and impacts on downstream facilities.

The proposed development is generally bound by Alessandro Boulevard to the north, Copper Cove
Lane to the south, an existing residential home to the west and a church/institutional building to the
east. See Location Map – Figure 1 in Appendix A. Existing access to the site is currently provided
from Alessandro Boulevard and Copper Cove Lane. See Location Map – Figure 1 in Appendix A.

This report provides the required storm drain layout for the project, spillway design calculations, a
summary of runoff estimates for the developed condition.

B. PROJECT OBJECTIVES

The following objectives will be addressed in this drainage study:

· A description of the physical setting of the Flamingo Bay Project, and the potential for flooding
in this area.

· Discussion of existing drainage facilities.
· Watershed storm water runoff analysis utilizing Rational Method hydrology calculations.
· Develop in-tract drainage storm drain system layout for the Flamingo Bay Project.

C. PROJECT DESCRIPTION

The Flamingo Bay Project drainage boundary encompasses approximately 3.8 acres. Existing land
use consists of vacant land. Site elevations within the project boundary range from approximately
1576’ to 1567.

The proposed improvement in the Flamingo Bay Project will include construction of multi-family
apartments, parking lots, garages, green space and underground utilities. The proposed storm drain
system will consist of concrete gutters, bioretention basins, and an underground detention basin.
Runoff from the project site will sheet flow through concrete gutters to bioretention basins, excess
overflow will then be conveyed to an underground detention basin. The underground detention basin
will control flow rates before discharging flows to Copper Cove Lane. The underground detention
basin will utilize a parkway culvert to discharge runoff to Copper Cove Lane. See Exhibit A in
Appendix B for drainage areas and location of proposed drainage facilities.

1. Project Location

The proposed development is generally bound by Alessandro Boulevard to the north, Copper
Cove Lane to the south, an existing residential home to the west and a church/institutional
building to the east. See Location Map – Figure 1 in Appendix A.

2. Existing Land Uses

The existing land uses are based on aerial topography and of watershed areas. The existing
land is undeveloped with natural native grass based on the aerial photography. The project is
tributary to the Santa Ana Watershed Region.
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3. Existing Drainage Facilities

Existing flow patterns within the project site flow in a southwest direction. Stormwater from this
project currently sheet flow across the project site and onto Copper Cove Lane. There are no
drainage structures built within the project property boundary.

4. Proposed Drainage Facilities

The proposed storm drain improvements in the Flamingo Bay Project will include the
construction of new drainage facilities.  The new drainage facilities will consist of concrete
gutters, bioretention basins and an underground detention basin. Project runoff will sheet flow
across the project site and be collected using concrete gutters. The proposed concrete gutters
will convey runoff to bioretention basins to treat runoff pollutants. Excess runoff will be conveyed
to an underground detention basin. The underground detention basin will control and decrease
developed flow rates before discharging flows to Copper Cove Lane.

See Exhibit B in Appendix B for drainage areas and location of proposed drainage facilities.
Refer to Water Quality Management Plan Study submitted for the Flamingo Bay Project for
details and location of water quality facilities.

II. HYDROLOGY

A. GENERAL GUIDELINES

Hydrologic Calculations were prepared using methodology outlined by the RCFC&WCD Hydrology
Manual dated April, 1978. Onsite hydrology was computed using the Rational Method. The Rational
Method is commonly used for determining peak discharge from relatively small drainage areas. For
areas in excess of 300 to 500-acres, the Synthetic Unit Hydrograph Method should normally be used.

Rational Method includes the effects of infiltration caused by land use and soil surface characteristics.
The Hydrologic Soils Map from the Riverside County Stormwater & Water Conservation Tracking Tool
indicates that the project study area consists of soil type A& C. Hydrologic soil ratings are based on a
scale of A through D, where D is the least pervious, providing the greatest runoff.  The type of
vegetation, percent ground cover, and percentage of impervious surfaces also affect the infiltration
rate. A copy of this map is provided in Appendix A of this report.

Per criteria from the RCFC&WCD Hydrology Manual, Antecedent Moisture Condition (AMC) II was
used for the 100-year analysis that reflects the degree of ground saturation from previous rainfall
events. AMC I was used for the 10-year, 5-year and 2-year analysis. The AMC value can range from I
to III, with condition III being the most severe, allowing for greater runoff and low infiltration.

B. RATIONAL METHOD HYDROLOGY CALCULATION

To properly design onsite storm drain facilities, the Rational Method was utilized to compute the 100-
year peak discharges for the developed condition.  A technical description of the rational method is
provided in the RCFC&WCD Hydrology Manual dated April, 1978.  The Rational Method is an
empirical computation procedure for developing a peak runoff rate (discharge) for small watershed for
storms of a specified recurrence interval.  The rational method equation is based on the assumption
that the peak flow rate is directly proportional to the drainage area, rainfall intensity and a loss
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coefficient, which describes the effects of land use and soil type.  The hydrology map for the
developed conditions are included in Appendix B.

The hydrology map for the developed condition, Exhibit A, shows existing and proposed contours,
elevations for streets, and proposed storm drain facilities based on the Flamingo Bay Project site
layout. Watershed boundaries are ridgelines where identified, with watershed areas are divided into
subareas.  Flow paths and proposed drainage systems were laid out, and then drainage areas and
flow path lengths were estimated.

CivildCadd/CivilDesign Hydrology – Hydraulics Software by CivilDesign Corporation and Joseph E.
Bonadiman and Associates, Incorporated was used to compute hydrology calculations. The peak
discharges and time of concentration at specified nodes are shown on the hydrology map.  To
compute Rational Method Calculations, hydrologic information was entered into the
CivildCadd/CivilDesign Hydrology – Hydraulics Software. The computer files for the 100-year
calculations are included in Appendix C.

C. SYNTHETIC UNIT HYDROGRAPH METHOD CALCULATION

The Synthetic Unit Hydrograph, a computational procedure for developing peak runoff and discharge
for storms of a specified recurrence interval, is used in watersheds larger than 300 acres. This
procedure calculates effective rainfall, which is the portion of the total rainfall that appears as surface
runoff, at a specific concentration point.  Because no two drainage basins have the same physical
characteristics, the appropriate adjustments must be accounted for 100-year storm frequencies for
each of the 1-hour, 3-hour, 6-hour, and 24-hour durations were analyzed. The Synthetic Unit
Hydrograph Method calculations were utilized to conduct Detention Basin Routing calculations.  The
CivildCadd/CivilDesign Hydrology – Hydraulics Software was used to compute Synthetic Unit
Hydrograph calculations. The computer files are included in Appendix D.

D. HYDROGRAPH ROUTING METHOD CALCULATION

1.  Detention Basin Routing Guidelines

The following assumptions/guidelines were applied in the use of the Detention Basin Routing:

· The Modified Pul’s (Storage Indication) Method is used for the detention basin routing
studies.  The basin routing relationships are based upon the following formula:

I – O = ∆S / ∆t

Where:

I   = basin inflow rate (cfs)
O = basin outflow rate (cfs)
∆S = change in basin storage during the time step (cubic feet)
∆t = time step (sec)

· The basin inflow rates are based on the Unit Hydrograph files (See Appendix E).

· Depth-Storage-Discharge Curve is based on Basin Volume and Stage Discharge Rating.
See calculations in Appendix E.



                                                                                                                  4 of 4

· The procedure is repeated for each time step until the basin inflow hydrograph has been
completely analyzed and basin outflow becomes negligible.

            2.  Hydrograph Routing Calculation Software

The Detention Basin Routing (Modified Pul’s) Method outlined above were performed using
the CivildCadd/CivilDesign Hydrology – Hydraulics Software. Routing calculations were
performed for the proposed detention basin. The computer files for the 2-year, 5-year, 10-year
and 100-year storm frequencies for each of the 1-hour, 3-hour, 6-hour, and 24-hour durations
are included in Appendix E.

E. FLOOD ASSESSMENT

The Federal Emergency Management Agent (FEMA) publishes Flood Insurance Rate Maps (FIRMs)
that identify areas where there is flooding potential.  The FIRM that apply to this project is Riverside
County Map Number 06065C0765G, dated August 28, 2021.  The entire project site is within Flood
Hazard Zone “X” (Other Flood Areas) – Areas of 0.2% annual chance flood; areas of 1% annual
chance flood with average depths of less than 1 foot or with drainage areas less than 1 square mile;
and areas protected by levees from 1% annual chance flood.   A portion of the map applicable to this
project has been included in Appendix A.

III. SUMMARY OF RESULTS

Table 1 summarize the 2-year, 5-year, 10-year and 100-year astorm flow rates for the existing
condition.

Table 2 summarize the 2-year, 5-year, 10-year and 100-year astorm flow rates at the outlet point for
the developed and difference in flows between existing and developed flows.

The results revealed this project will decrease most storm events to equal or less existing condition
peak flow rates. The Flamingo Bay project will significantly outlet less flows than existing conditions to
Copper Cove Lane for most storm events. Therefore, the project will improve downstream flow rate
conditions.



ID ACRES 1-HR 3-HR 6-HR 24-HR 1-HR 3-HR 6-HR 24-HR 1-HR 3-HR 6-HR 24-HR 1-HR 3-HR 6-HR 24-HR

A 3.8 2.38 1.12 0.66 0.08 3.74 1.98 1.45 0.11 5.52 3.37 2.78 0.59 9.01 5.57 4.79 1.33

2.4 1.1 0.7 0.1 3.7 2.0 1.5 0.1 5.5 3.4 2.8 0.6 9.0 5.6 4.8 1.3

ID ACRES 1-HR 3-HR 6-HR 24-HR 1-HR 3-HR 6-HR 24-HR 1-HR 3-HR 6-HR 24-HR 1-HR 3-HR 6-HR 24-HR

A 3.8 3.77 2.11 1.74 0.62 5.32 2.99 2.45 0.84 6.71 3.88 3.28 1.00 10.65 6.16 5.35 1.65

3.8 2.1 1.7 0.6 5.3 3.0 2.5 0.8 6.7 3.9 3.3 1.0 10.7 6.2 5.4 1.7

1.12 1.10 0.98 0.52 1.88 1.77 1.49 0.70 2.60 2.41 2.11 0.84 6.62 5.17 3.96 1.45

-1.3 0.0 0.3 0.4 -1.9 -0.2 0.0 0.6 -2.9 -1.0 -0.7 0.3 -2.4 -0.4 -0.8 0.1

NOTES

DRAINAGE AREA 2-YR 5-YR 10-YR

OUTLET FLOWS

PEAK OUTLET FLOW SUMMARY
TABLE 1
EXISTING FLOWS (CONTROL FLOWS)

DRAINAGE AREA 2-YR 5-YR 10-YR 100-YR

100-YR

NON ROUTED FLOWS

TOTAL FLOWS TO COPPER COVE

TABLE 2
DEVELOPED FLOWS

DELTA FLOWS
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